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Introduction
The use of plants, or their extracts, for treatment of gastro-intestinal parasites in humans and livestock is steeped in antiquity. It was Claudius Galënus , a Greek physician of Pergamon, who received notoriety for applying medicines prepared from vegetable substances by infusion, or decoction. These became known generically as "galenical" drugs, or preparations, and established the foundation for modern veterinary pharmacology. It is with some interest to note that the approach taken by Galënus was in contrast to the Hippocrates / Paracelsus school of thinking which espoused treating "like with like" (similia similibus curantur) , that later formed the basis for Hahneman's concepts of homeopathy (Vaarst 1996) . In medieval times, plants with reputed anthelmintic properties were often mixed with mineral salts (arsenic, copper etc.), or more esoteric materials (blood, faeces, fluids from reptiles, wild animals etc.) to form quite bizarre and often hazardous concoctions -for both parasites and hosts alike. With time, trial and error, such preparations were refined in an attempt to at least moderate the undesirable consequences to the host, but with the advent of safer and more effective synthetic anthelmintic compounds, they rapidly disappeared from the veterinary anthelmintic market (Gibson 1980) . Nevertheless, it is of interest to note that the World Health Organisation has recently estimated that 80% of the population of developing countries rely on traditional medicine, mostly plant drugs, for their primary health care needs (Danøe & Bøgh 2000) . Also in a global context, modern pharmacopoeia still contain in the order of 25% drugs derived from plants and many others which are synthetic analogues built on prototype compounds isolated from plants. However, there has been a resurgence of interest in traditional health practices throughout the world. In veterinary medicine, this interest encompasses ethnobotany and the use of herbal remedies. Workshops, forums and conferences are occurring with increasing regularity, which is obviously being driven by a concomitant increasing level of research acitvity. The forces responsible for this momentum are manifold. These include the perception that "natural is nice", concerns of synthetic drug residues in the environment and the food chain, and particularly the spectre of rapid emergence of multiple resistant pest organisms through misuse and overuse of these modern drugs. Within the Nordic countries, the same holds true. This region of the world is at the vanguard of the organic farming movement, with major emphasis on livestock production. Many progressive and educated farmers who have chosen to farm livestock organically are well aware of the importance of nematode parasites affecting the productivity of their animals and adopt grazing strategies aimed at evading, or mitigating the effects of parasites in their animals (Svensson et al. 2000) . However, others show less awareness and management of grazing livestock is largely determined by herbage supply and not by parasitological considerations . One specific strategy is to graze livestock on plants with purported anthelmintic properties. For example, a survey of Danish organic dairy farmers with 255 respondents, revealed the use of herbs in the leys on 26% of the farms. Of these, caraway (Carum
, chervil (Anthriscus cerefolium) and dill (Anethum graveolens) [14%], used singly or in combination, were the most commonly used plants (Smidt 1997) . For the purposes of deworming, the feeding of wormwood (Artemisia absinthium), mugwort (A. vulgaris), chicory (Cichorium intybis) and common tansy (Tanacetum vulgare) were expected by farmers to have anthelmintic properties (Smidt 1997 ). In addition, there has been a major commitment to the development of sustainable disease control systems, which by definition means the integration of a range of non -chemical methods with the minimal use of drugs, to insure continued effectiveness for the foreseeable future. Control of internal parasites of livestock by these means has been a major focus of research activities in the Nordic countries for several years (Thamsborg et al. 1999) . Research in the Nordic countries on anthelmintic properties, or protective effects, of local plants against helminth parasites of livestock is very recent and limited at this stage to studies on tanniferous forages (Kahiya et al. 1999 , Bernes et al. 2000 . However, many of the earliest written reports of anthelmintic properties of plants originate from this region of the world (eg., the writings of Henrik Harpestraeng in the early 13 th century). The purpose of this review is to provide a historical perspective and to present our view of the potential and possibilities for the use of plants that are endemic, or thrive in the Nordic environment, as de-worming agents. Due to the relatively wide variation in climate, soil, altitude etc. within this limited area, the total number of plant species is quite large. Also, a brief consideration is made of the recent developments in the use of specialized crops, the so-called "nutraceuticals", which are bioactive crops that are either grazed, or fed after preservation, with the main purpose of preventing or curing disease. The ultimate objective would be to use these plants as additional means for the further development and refinement of sustainable parasite control systems of livestock.
Plants and parasites
There is an inextricable association between plants and parasites of livestock. Pastures provide the link between the free-living and the parasitic phases of helminth parasites for all grazing animals. At different stages of growth, pasture species may facilitate or impede the survival of free-living populations, the establishment of parasite burdens and lessen or intensify the effects of parasitism on the host. Competent management of pastures is needed for the twin goals of efficient conversion of herbage to animal products and effective control of gastrointestinal parasites.
Indirect effects of plants on parasites
It is reasonable to assume that the height, density and form of plant growth could affect the micro-environment of the free-living stages of parasites and thus play a role in transmission of infection. Because of the necessity of moisture films for movement of nematode larvae from faecal deposits to herbage, it might be expected that pastures consisting largely of erect, tall growing species would provide less protection from desiccation, and from removal by heavy rain, than those consisting primarily of prostrate species. Indeed, a factor considered to mitigate the high rates of contamination following increased stocking rates is the decreased availability of herbage, which provide conditions less favourable for the development and survival of the free-living stages of nematode parasites . Although there has been a number of such ecological studies, little has been done in the Nordic countries and this aspect is outside the scope of this review. However, it is important to recognise these indirect effects of herbage when any grazing studies are conducted on plants with purported anthelmintic properties. It must be established that observed effects are directly plant related and not due to effects on development and survival of the free living stages of parasites, or the provision of an enhanced level of nutrition which helps the animal to rapidly mount an immune response against incoming or resident parasite infections.
Direct effects of plants on parasites
This relates specifically to anthelmintic properties of plants. Although there is a large and diverse range of herbal de-wormers that are used throughout the world, particularly in the Asian and African countries, generally there is a lack of scientific validation of the purported anthelmintic effects of these products. Evidence to date is almost entirely anecdotal. This also applies to the reports of de-worming properties of herbal preparations that have either Nordic origins, or a long history of use in this region (for some historical background, see Grove 1990) . These can be broadly classified into the following classes (see Table 1 ): 4, 9, 10, 19, 30, 34, 35, 44, 45, 49, 53, 55, 58 There is a great variety of these plant types that has been used as deworming preparations. Whilst most of those mentioned in Table 1 thrive in the Nordic environment, many originated from other countries. Possibly one of the most widespread and commonly used herbal anthelmintic is oil of chenopodium, derived from Chenopodium ambroisoides, popularly known as American wormseed, or goosefoot. Archeological and ethnological studies suggest that this material has been used for many centuries. It is of passing interest that in the early eighteenth century, Peter Kalm (1715-1779), a Swedish botanist and traveller, reported that it was used by both the indigenous inhabitants and European settlers in the American colonies for the treatment of Ascaris infections. Plants were taken to Europe, cultivated widely, and were soon in common usage. The active principle, ascaridol, a volatile terpene, was isolated and eventually synthesized. However, in the Nordic countries, Chenopodium is not one of the most commonly mentioned plant families. Some of the plants mentioned are now commonly used as spices eg. caraway (Carum carvi), thyme (Thymus spp) and mint (Mentha spp). These have been found in Russian studies to have effect against Trichostrongylus larvae in vitro and also in sheep (Gadzhiev & Eminov 1986 , Eminov 1982 . Members of the family Asteraceae have also a prominent position in the herbal de-worming literature. The Romans used dried, unexpanded flower heads obtained from several species of the genus Artemisia in the first century, for the treatment of Ascaris, Enterobius and tapeworm infections. The name given for this herbal preparation was semen-contra vermes (semen against worms), apparently because of its superficial resemblance to semen. It became an important member of the European pharmacopoeia until the early 20 th century. The active principle was found to be the sesquiterpene lactone, santonin. More recent pharmacological studies have demonstrated the pharmacological basis of this chemical. Low concentrations of santonin are reported to have a selective toxic action on the ganglion located in the nerve ring of Ascaris spp. (Sollmann 1957) . Against other nematodes, such as Oxyuris spp and the cestodes, santonin is not effective (Steinegger & Hänsel 1972) . Pharmacological studies investigating the specific effects of santonin-containing herbal preparations are not known. This is probably because santonin had been isolated and used as a vermifuge as early as 1830. Due to its narrow therapeutic window (safety index) and toxicity, the crude drug santonin is no longer used (Reynolds & Prasad 1982 , Tyler et al. 1988 , De Smet 1997 .
Coniferous trees
Another member of the Asteraceae family, more widely used in the Nordic countries, is common tansy (Tanacetum vulgare). The active component is claimed to be thujon. In vitro studies have shown an effect of this plant on Trichostrongylus and Ostertagia circumcincta spp. (Gadzhiev & Eminov 1986 , Eminov 1982 (Niezen et al. 1995 ). An in vivo anthelmintic effect has also been observed using quebracho, a condensed tannins extract, as a single high dose against sheep nematodes (Athanasidou et al. 1999 ) and the capacity of purified condensed tannins from Danish legumes to kill nematode larvae in vitro has been demonstrated (Kahiya et al. 1999) . However, in several field studies it has been difficult to relate anti-parasitic effects to the actual amounts of condensed tannins (e.g. Niezen et al. 1998) . A complicating factor is that condensed tannins are a poorly defined group of compounds (basically polymers capable of covalently binding protein) making standardised determinations in plant material difficult. It has been postulated that the beneficial effects of tanniferous plants against internal parasites could be due to one, or a combination, of the following factors:
• Tanniferous plants increase the supply and absorption of digestible protein by animals. This is achieved by tannins forming non-biodegradable complexes with protein in the rumen, which dissociate at low pH in the abomasum to release more protein for metabolism in the small intestine of ruminantsin other words, "natures protected protein." This indirectly improves host resistance and resilience to nematode parasite infections.
• Tannins have a direct anthelmintic effect on resident worm populations in animals.
• Tannins and/or metabolites in dung have a direct effect on the viability of the free-living stages (development of eggs to infective larval stages). Although there is some evidence to support each of these above claims (for review, see Kahn & Diaz-Hernandez 1999) , we believe that the data are by no means clear-cut (Bernes et al. 2000) .
Limitations with using plants as natural anthelmintics
It is not a simple matter of just growing these plants and expecting them to be used in a natural parasite control system. In a longer perspec-
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tive, many issues need to be considered. These include, whether the chosen plants are amenable to cultivation and if so by what means (pure stands or as mixed leys), ease of harvesting seeds and thus their commercial availability, and means of use or administration (grazing, or individual stable feeding -short, or long term). In addition, factors such as palatability, stability, biodegradability of active compounds in preserved products, whether these are to be used curatively, or preventively, need to be considered. Finally, dosage may be difficult to control and the possibility of toxic side effects in animals needs to be considered. Some of the potential candidate plants cannot withstand trampling by livestock, are poor competitors with other pasture species in mixed grazing swards (e.g. Lotus spp., Beuselinck & Grant 1995), or they are preferentially sought out by grazing animals and thus easily succumb to even light grazing pressure (e.g. H. coronarium, Niezen et al. 1995) . Plants which have a high content of known direct-acting parasiticides (e.g. santonin in wormseed) may be effective for short-term "curative" use eg. a short grazing interval on a "deworming" paddock before a pasture change. In other cases, plants may have to constitute a substantial proportion of the feed and may therefore be used in a preventive fashion mixed with grass and clover in larger grazing areas, or in pure stands for rotational grazing.
A word of warning -plant toxicity
The whole animal kingdom is dependent on the use of plant material. Plants have probably covered much of our planet throughout the history of multicellular life. This implies that herbivores have been too few in number to consume all the food available (Hairston et al. 1960) , and probably more importantly, that some plants have evolved defence mechanisms against being eaten by herbivorous animals (Murdoch 1966 ). One of their defence principles is the production of chemical compounds, which may be harmful or distasteful to potential herbivores. The fact that certain plants could have adverse effects on man and livestock has been known since ancient times. Likewise, it has been recognised that some plants could be of benefit in disease conditions. These two aspects of the plant kingdom, the beneficial and the harmful properties of plants, strongly related to dosage, are described in the early medical literature of classical Greece and Rome (Hippocrates, Theophrastus, Dioscorides). Modern scientific literature on plant effects on livestock deals mainly with adverse effects, and less attention has been paid to the curative potential of plant material. The complex nature of this discipline is reflected in the difficulties in classification of poisonous plants. Attempts to classify them according to the chemical nature of their active constituents are met with the obstacles that these may be either a single substance or a number of substances with wide differences in chemical properties. Accordingly, a chemical classification will lead to considerable overlapping with some plants featuring in several chemical groups. Albeit these difficulties, the majority of recent textbooks group the poisonous plants according to their known toxic constituents (Cooper & Johnson 1998) . These include a vast range of compounds that may be classified as alkaloids, glycosides, nitrates, oxalates, photodynamic substances, thiaminases, local irritants and phytooestrogens. The most reputed plants in the Nordic flora with reported responsibility for livestock poisoning include wolf´s-bane (Aconitum lycoctonum) (alkaloids), cowbane (Cicuta virosa) (alkaloids), groundsel (Senecio spp.) (alkaloids), yew (Taxus baccata) (alkaloids), brassicas (Brassica spp.) (S-methyl cystein sulphoxide, progoitrin, nitrates, amongst others), foxglove (Digitalis purpurea) (digitalis-glycosides), bog asphodel (Narthecium ossifragum) (saponinglycosides), sorrel (Rumex spp.) (oxalates), St. John´s-wort (Hypericum spp.) (photodynamic substances), bracken (Pteridium aquilinum) (thiaminases, alkaloids), horsetail (Equisetum spp.) (thiaminases) and Ranunculus spp. (local irritants) (Søli 1981 , Laksesvala & Dishington 1983 , Naerland 1984 . Solberg 1984 , Ulvund 1984 , Waldeland 1984 , Øverås 1984 , Andersson et al. 1989 , Sivertsen et al. 1992 , Flåøyen et al. 1995 , Flåøyen & Frøslie 1997 . Several of these plants appear in Table 1 and thus are examples of both beneficial (according to popular belief!) and harmful properties of plants. One should be aware that there is some structural overlap between these simple chemical groups and that other classifications are possible. Furthermore, it must be borne in mind that little is known of the toxic constituents of many plants and that the poisonous properties of a plant may be due to more than one substance. It is also important to understand that natural, often genetically determined, variations exist between different populations of some plant species, which may affect their toxic potential. An example of this is birdsfoot trefoil (Lotus corniculatus), in relation to cyanogenic glycosides. In different populations (cultivars), these substances may be absent, or the enzymes that break them down to release hydrocyanic acid may be absent, or both of them may be present. Consequently, if one of these constituents is lacking, the plant is harmless, and only when both are present the plant is poisonous. This knowledge is essential to make a rational selection of non-toxic cultivars of L. corniculatus as an important constituent for pasture leys. Like any 'new' area of treatment against target pest organisms, the use of plant materials to control internal parasites should be tempered with common sense and based on scientific validation of a useful measure of efficacy, which at the same time is host benign.
Conclusion
This review provides ample evidence that a considerable amount of information relating to the use of plant material as de-worming preparations for man and his livestock in the Nordic countries, is available. However, almost all of these reports are historical and/or anecdotal. Evidence for effectiveness of plant de-worming preparations has been rarely obtained and little has been made available in scientific publications. With respect to increasing interest in the therapeutic use of natural products, we believe that it is important that a systematic evaluation is made of the botanical resources of the Nordic countries in relation to the purported de-worming properties of those plants that are endemic, or thrive, in this region of the world.
